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COMPLETE SPECinCATION 
Improvements in or relating to Tetrazolium Compomids 
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We, May & Baker Limited, a British 
Company of Dagenham, Essex, do hereby 
declare the invention for which we pray that 
a patent may be granted to us, and die method 
by which it is to be performed, to be pa rtictt " 
larly described in and by the following state- 
ment: — 

This invention is for improvements m or 
relating to tetrazolium salts and to processes 
for the preparation of these compounds. 

It is the objea of this invention to provide 
new tetrazoinim salts which possess thera- 
peutic activity. 

The tetrazolium salts of the present mven- 
tion contain the cation represented by general 
formula I: 
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wherein Ri represents an alkyl, aryl or substi- 
tuted aryl radical, Ra and R« are the same or 
different and each represents an aryl or sub- 
stituted aryl radical, at least one of the aro- 
matic nuclei of Ra and R, being substituted 
in the /wra-position by a group represented 
by the formula -A-R^, in which -A- 
represents -CH=CH- or -N=N--, and 
R^ represents an aryl or substituted aryl 
radical. 

Where substituted, the various aryl radi- 
cals, which are preferably all phenyl nuclei, 
may carry one or more halogen, nitro, 
hydroxy, alkyl, acylamino, dialkylamino, qua- 
teniary ammonium, carboxy or alkoxy sub- 
sdtuent groups. 

Accord&ng to a feature of the present 
invention, die new tetrazolium salts are pro- 



duced by the oxidation of the formazaos con- 
forming to the conventional formula EL: 

Rs-NH-N=C(Ri)-N=N-Ra H 

for example 1 : 3-diphenyl-5-(pHstyrylphenyl> 
formazan, with a dehydrogenating agent sudi 
as lead tetra-acetate, mercuric oxide or tso- 
amyl nitrite and conversion of die product to 
the appropriate salt. Preferably, the formazan 
is treated with the dehydrogenating agent in 
die presence of a solvent for the formazan, 
and the reaction mixture is dien acidified to 
convert die tetrazolium compound formed 
into an appropriate salt 

The ^)resaid formazan starting materials 
may be prepared in accordance with the pro- 
cess described in the specification of co- 
pending Application No. 7399/54 (Serial No. 
738,632) viz. by diazotising an amine of the 
formula R3NH0 to form a compound of die 
formula : 

R^^N=N-X m 

where X is an anion of an add used in diazo- 
tisation reactions such as chloride or sulphate^ 
and coupling the product in a basic m e dium 
(preferably in pyridine and ]^ref erably at a 
temperature below 15" C) with a compound 
of the general formula: 
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R,-NH-N=:CHR, 



where Rj, R3 and R3 have the 
given above. 

The new compounds of the present inven- 
tion have been found to possess useful thera- 
peutic activity in the treatment of infections 
caused by tubercle badlli, pathogenic fungi 
or viruses, in particular those tetrazolium 
compounds in which Ri represents a lower 
alkyl or phenyl group, or a phenyl group sub- 
stituted in die pom-position by a halogen 
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atom or by a hydroxy, lower alkoxy or di- 
(lower alfcyl)-amma group, represents a 
phenjd or p-acetamido^pheayl group and It, 
represents ^e group: . " . 




where A has ttie significance hereinbdfore der 
&ied, X represents a hydrogen atom or a 
lower alkyl group, and R^. represents, a phenyl 
. group or a phenyl group nibsdtuted in the 
■ip poro-position by a hsdogen atom by a lower 
- allc]^ hydroxy or nitro group. 

NeVr compounds of me invention possess-^ 
ing and-tubercular activity indude the fol- 
lowing: » 
15 ' 2 : 5- diphenyl - 3 - (2^ : 5^ - dimethyM^- 
pheiiylazo-phenyl)-tetra2olhm salts, e,g. . the 
chloride, 

2:5-diphenyl - 3 7 [4X4"-4iydroxyphenyl- 
azo}-phenyl]-tetrazolimn salts^ e.g. the isear- 
20 ionatei, " 

2:5-di^henyl - 3 - [4^ - (4"-methylphenyl- 
azo)-phenyl] - tetrazolium salts, e.g, fiie is^- 
ionat^ 

2-phenyl - 5 - (4^ - d2methyl(aminpphenyl)- 
25 3 - [4^ ~ (4" - hydroxyphenylazo) - phenyl]- 
tetrazolium salts, e.g. the chloride medio- 
chloride^ 

.2-(4* - acetamidqphenyi)- 5 -phen^-3-(^'* 
phenylazophenyl)7tetrazdlium saus, e.g. the 
30 isethionate, and 

2:5 - diphenj^- 3 - (4^-5tyrylphjenyl) -tetra- 
zolium salts, e.g* the chloridd 

New compounds of the invention active in 
high dilutions against pathogenic fungi such- 
35 as Actinomyces madurce midpdc the follow- 
r ing, of whidi the first four named compounds 
are particularly active: . 

2-phen^ - 5 (4^ me£h6xyphenyi>3<4'- 
styryiphenyiytetrazolilim salts, e.g; the iodide, 
40 2-phenyl - 5. - (4^ - bromophenyl) - 3 - (4*- 
styrylphenyl>tetrazolium salts, e:g. die iodid^ 
2:5-diphenyl - 3 -. (4^-styrylphenyl)-tetra- 
. . *zolium salts, e.g. the chloride, - 

- 2:5-diphenyl - 3 - [4^ f C4"-dflorophenylr 
45 azo) - phenyl] -.tetrazplhm-.sialtsi e.g;\fiie 
. chlorid^ . : . 

2:5-diphenyl- 3 -r4H4"'^trophenylkzo>- 
phea]^]-tetrazolium ^isi e.g. die chloride^ 
.'and . . : 

50 2-phea3^ - 5 - metiiyl^ 3 -(4*-s^Iphenyl)- 
tetrazoliiim salts, cgw the; iodide. ' 
The present , invention is illtistrated by "the 
: > fdlowisjg; 'iioii-limitative Examples:— 

. ExAWdPIE L 
55 A solution rf^ l:.3-4iphenyl-5-(4^-phenyl- 
azophenylVformasran "(9.<^ g.) in diy chloro- 
form (50 ccO was boiled for 2 hours widi 



lead tetra-acetate (12 g.) All die solvent was 
then evaporated, the residual dark! brown oil- 
was dissolved in boiling water and the solu- 
tion was filtered with the aid of a litde Hyflo 
Supercel (die . words "Hyflo Supercel" are 
registered Trade Marks). Concentrated hydib- 
ichloric add was then added drop by drop to 
the filtrate untfl no further precipitation 
occurred. The precipitate, which was a mix- 
ture, of lead chloride and 2:5-diphenyl-3- 
(4^-phenylazophenyl) - tetrazolium chloride, 
was filtered oS and extracted with methanoL 
. Addition of ether to the metfaanolic filtrate 
yielded the tetrazolium diloride as an oil, 
vrhidx soon solidified to an orange solid. This 
w^ collecGed,. dissolved in hot water, and 
converted to the iodide by adding an aqueous 
solution oi pdtassitim . iodide; . The. iodide 
crystallised uom meduuiot in orange rods, 
mp. 231—232" C (dccomp.). " This iodide 
may be converted into odier salts,: *e.g. 
chloride^ by standard methods: 

Similarly prepared were:— ' 

I) 2:5-Diphenyl. 3 -[4H4"-mtrophenyI- 
azo)-phenyl]-tetrazolium .chloride dihydratc 
from 1 : 3-diphen^ - 5 - [4X4"-iiitrophenyl^ 
a?o)-pheQyi]-fcHinazan, jOLp. ilO** C. (de- 
comp.), TTiis compound, which forms orange- 
red prisms, decomposes at different tempera-, 
tures according to the rate of heating. 
- 2) 2-(4VChlorophenyl).- 5 - pheayl-3-(;4»- 
phenylazophcnyl) - tetrazolium iodide^ mp. 
218 ° C (decompO from l-(4'-dilorophenyiy . 
3-phenyl -5- (4^-phehy]azophenyl)-formazan,' 
mp. 168— W a : 

. 3) 2-(4^ -Acetamidophenyl)- 5 -vphenyl-3- 
(4^ - phenyiazophenyl) - tetrazolium iodide, 
m.p, 258** C. (deconq).) from l-(4^-acetamido- 
phenyl)-3-pheiiyl - -5 - (4*-phenylazophenyl> 
formazan, in.p. 215* C. This was^ converted 
. to the isethionate, an orange; solid, by treat- 
ment with - silver isethionate m- .boiliiig 
methanol. 

Example il. /- 

1:3 - Diphenyl - 5 - (4» -. phenylazo -P- 
naphthyl>formazan (4.0 g.) in chloroform 
(100 ac.) was heated with lead tetra-acetate. 
(4i5 g.) under r^ux for 30 mitiutes and die 
solvent then evaporated. The. re^due was 
treated with excess dilute, hydrochioric add 
^nji ainyl alcohol The organic layer was sep- 
aratedi wa^ed . with water, dried, aHd?remo\^ 
of^ the solvent left crude 2 : 5-diphcnyl-3-(4*- 
'pheriylazo-V-^iaphthyl)-tetta2olium ^chloride. 
Dissolving in hot water followed by addition 
of aqueous potassium iodide gave the very 
sparingjy soluble iodide m.p, 180* C. (de- 
cdinp.), which crystallised from aqueous alco- 
hol m sioall orange needles. The iodide can 
be reconverted to the corresponding diloride. 
by known methods,. . 

Similariy prepared, from 1 - phenyl -3- 
methyl - 5 - (4* : phenylazophenyl)-fbrmazan, 
was 2 - phenyl - 5 7 me£h5i-3^(4'^phenylazo^' 
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phenyH - tefrazoHum iodide- m.p. 127— 
J29^'C. 

Example UI. 
1:3 - Dipheayl- 5 - [4*-(4"-chlorophenyl- 

S azo)-pheayl]-formazan (5.0 g.) in methanol 
(50 cc.) was mixed with yellow mercuric 
oxide (15 g.) and refluxed for about 30 
minutes. 'Die resulting solution was filtered 
and sufficient dilute hydrochloric acid added 

10 to make it weakly add to litmus, followed by 
water (25 cc). Filtration through a litde 
"Hyflo Supercd" followed by evaporation 
to dryness gave a red gum whidi slowly 
crystallised. The crude 2:5-dipheiiyl-3-[4'- 

15 (4^* - chlorophenylazo)-phenyl] - tetrazolium 
chlodde was dissolved in ethand and crystal- 
lised by the addition of ether as red prisms or 
needles, m.p. 184—185'* C (decomp.). 
Similarly prepared were: — 

20 1) 2:5-Diphenyl-3-[4;-(4'*-naethylphenyl- 
a2o)-pheiiyi]-tetrazolium iodide, m.p. 175 — 
177'' C (decomp.) from 1 : 3 - diphenyl-5- 
[4i-(4ii-methylphenylazo) - phenj^J-formazan, 
m.p. 186—188" C, adding excess of 10% 

25 potassmm iodide solution after the addition 
of hydrochloric acid to jjredpitate the tetra- 
zolium iodide. The iseducmate was prepared 
by refluxing the iodide (2.84 g.) in dry 
ethanoi (50 ex.) with powdered silver iseth- 

30 ionate (1.21 g.) for 6 hours, filtmng and 
evaporating to dryness. The iseduonate le- 
mained as a red glittering powder of glassy 
appearance whose melting point could not be 

35 2) 2 - (4*-Carboxyphenyl) - 5 -phenyl-3- 
(4^-phenylazophenyl) - tetrazoUum chloride, 
m.p. 164° C (decomp.), from l-(4'carboxy- 
pheayl)-3-phen3^- 5 - (4' - phcnylazophenylh 
formazon, m.p. 209^ C. , , 

40 3) 2:5 - DiphenyU3-(2':5>-dmlethyM;- 
phenylazophenyl) - tetrazolium chloride tri- 
hydrate, m.p. 65" C, from 1 : 3-diphaiyi-5- 
(2':5»-dimethyl-4'-phenylazophenyl) - forma* 

zan, m.p. 197* C 

45 Example IV. 

2:3-Diphenyl - 5 - [4H4"-hydroxyphenyl- 
azo>-phenylHormazan (10 g.) was suspended 
in ethanoi (200 cc.) and w(>-amyl nitrite (10 
cc.) added. The suspension was treated with 

50 hydrogen chloride at 0" C. for 30 minutes, 
when the formazan dissolved to give a light 
reddish brown solution. This was poured into 
a litre <rf water, stirred, the water decanted 
and the dark tarry residue taken into meth- 
■35^anol charcoaled, filtered and precipitated 
carefully with ether. The 2 : 5-diphenyl-3- 
[4' - (4'^ - hydroxyphenylazo)-phenyl]-tetra- 
zolium chloride crystallised in orange red 
conglomerates, m.p. 230° C. (decomp.). This 

60 produa (1.75 g.) was treated widi silver iseth- 
ionate (0.9 g.) in dry ethanoi (25 cc) to 
yield the corresponding isethionate, deep 
ruby red prisms crystallismg slowly from 
water, m.p. 218—219° C. (decomp.). 

65 Similarly prepared were : — 



1) 2:5 - Diphcnyl- 3 -[4H2"-chV»ro-4"- 
hydroxyphenylazo) - phenyl] - tetrazolium 
chloride, m.p. 204—205" C. (decomp.) from 
l:3-diphenyl -5- [4H2''-chloro-4*'-hydroxy- 
phenyiazo)-phcnyi] - formazan, m.p. 149 — 70 
150^ C 

2) 2:5-Diphenyl '3- [4*- (3**.chloro-4^'- 
hydroxyphenyiazo) - phenyl] - tetrazolium 
chloride, m.p. 206—207° C. (decomp.), from 
l:3-diphenyl -5- [4'-(3' *-chloro-4"-hydroxy- 75 
phenylazo>phenyl] - formazan, m.p. 205—- 
210** C 

3) 2-Phenyl -5- (4' - hydroxyphenyl) -3- 
(4^-phenylaz(^henyl) - tetrazolium chloride, 
m.p. 267** C, from l-phenyl-5-(4'-phenyl- 80 
azophenyl) -3- (4^-hydroxyphen3^) - formazan, 
m.p. 181** C 

Example V. 

1 - Phenyl -3- (4' - dimethylaminophenyl)- 
5 . [41 - (4" . hydroxyphenylazo) - phetiyl]- 85 
formazan methochloride (3.6 g.) was cmdisai 
m methanol with £so-amyl nitrite (4 cc) in 
the usual way and, after removal of solvents, 
digested widi hot iso-propanol. The 2-phenyl- 
5 . (4' - dimethylaminophenyl) - 3 - [4^4^ 
hydroxyphenylazo) - phenyl] - tetrazolium 
chloride methochloride was then crystallised 
from methanol/ether as an orai^e ovstalline 
powder, m.p. 211 — 212** C. (decomp.). 

Example VIL 95 

A mixture of l:3-diphenyl-5-(4*-styryI- 
•phenyl)-f(mnazan (1.0 g.) in methyl alcohol 
(SO cc) omtaining ydlow mercuric oxide 
(4.0 g.) was heated under reflux until the 
fonnazan colour disappeared. The yellow lOG 
sdution obtained after filtration was diluted 
npidi water, again filtered, acidified with con- 
centrated hycfrocbloric a^ and the methanol 
removed by distillation. The reddual oil 
rapidly solidified and die product, 2:5- 105 
diphenyl - 3 - (4^-styrylphenyl) - tetrazolium 
chionue, m.p. 228—229'' C (decomp.), re- 
crystallised frcun wat«ff. 

The chloride was converted into the corres- 
ponding isediionate (m.p. 181** C.) by passing no 
it in aqueous soluticm over an ion exdiange 
medium (AmberHte) to provide a solution of 
the corresponding h3^oxide which was. then 
treated with isethionic add. The correspond- 
ing sulphate (dihydrate, decomposing on US 
hearing) and bisulphate (m.p. 169— 171** C.) 
were each prepared by treating the chloride 
with the silver salt of the corresponding add. 

Similariy prepared, but in most cases prcd- 
pitated as the iodides, were: — 120 

1) 2:5 - Diphenyl -3- [4^ - (4" - acetyl- 
aminostyryl) - phenyl] - tetrazolium iodide 
monohydrate, m.p. 244"* C. (decomp.), from 
l:3-diphenyl -5- [4H4'^-acetylaminostyryl)- 
phenyl] -formazan, m.p. 208 — ^209" C. 125 

2) 2:5 - Diphenyl - 3 - [4' - (4"-bromo- 
styiyl)-phenyl]- tetrazolium diloride mono- 
hydrate, m.p. 216—217** C. (decomp.), from 
1:3 -d^henyl - 5 - [4^ - (4" - bromostyryl)- 
phenvil-formazan, m-p. 186—187' C. 130 
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3) 2:5 - DiplienyI-^.3 
styryl>phenyl]-tetra20lium iodide, m,p. -272"- 
C. (decomp.) from l:3-diphenyl-5-[4H4'*- 
hydroxyst^l)-phenylj-formazan, nxp.- 175-^ 

5 176' C. 

4) 2-Pheayi - 5 - (4' - bromophedyl>3'* 
(4 ' -styrylphenyl>-tetrazoiiuni iodiidei m.p. 
206' C. (decompO, from 1 - phenyl r3- (4^ 
bromophenyl) - 5 - 4*-styrylpheu3 iVtoimazaii 

10 m.p. 170— 171° a (decomp.). * : 

5) 2-Eheiiyl- 5 -(4^-methoxyplienyl>;K'4^V_ 
styrylpheiiyl)-tetrazoIium iodid^ m.p.-^67— 
168' a (decomp.), from l-phenyl- 3 -<4^- 
methoxyphenyl)- 5 -(4^-styrylpheayl) - forma- 

15 zan, m.p. 157—158' C. - . 

6) 2:5-Diphenyl- 3 -[4H4"-iiitrostyryI)« 
phenyl] - tetrazolimn chloride dihydirate, m.p. 
233—234' C (deoomp.),: from 1 : 3-diphen7l- 
5-[4'-(4"-nitro8tyryl>phcnylJ-foinjazan, m.p. 

20 185— 186' Q - " * - - 

7) 2-Phenyl- 5 -methyI-3-(4'-styrylphenyl> 
tetrazolium iodide V-hemihydrat^ m.p. 169 — 
171" C, from l-phenyl-3-mediyl-5-(4'-styryl- 
phenyl) - formazan, mp. 160— 162° jC: 

25 (decomp.). - 1 

8) 2-Phenyl- 5 -methyl- 3 -[4H4"'mtro- 
styryl)-phenyl]-tetrazolium iodide, m.p. 222^-^ 
223 C (decomp.), from l-phenyl-3-mediyfe 
5 - [4* - (4"-mtrostyryl>phenyl} - formazaii, 

30 m.p. 182— 183' C. " 

EXAMP13 Vn ■ 
l-r4^-Phenylazophenyl)- 3 -phenyl- 5 -(4^*- 
styrylphettyl)-formazan (4 g.) was reflu&d ia 
methanol (60 c.a) with yellow macuric pifide 

35 gO after adding" a Httie methanol, undl 
die colour was discharged.^ After filtratioii, tte 
solution was poured into dilpte. hydriodic 
add, giving a red tar vrfuch'wis crystallised; 
from ethanol after charcoalmg, yielding 2^4^-^ 

40 phenylas&ophenyl)- 5 -phenyl 3 -X4^-$Q^1' 
phenyl>tetrazQlium, iodide^ mp.- 172^17o ' Ci 
(decomp.). ' " 

ExAMPtE vm * ■ 

l-(4*-Phcnylazqphenyl) ^ 3 - ^4* '*- acfetray- 
45 pheny^)-5-(4*-styrylphenyl)-foniiazan (2)0 g.) 
was reacted in ethand (40c.c) with' vso-mkyl 
nitrite (4cc.) and hydrogen ddoride gas 'until 
decolourised. The solution w^ pdiired^ into 
water, filtered and warmed; vnth dilute hydro^ 
SO GhlcMic add. llLee residuial gum was ^vXissi . 
with hot acetone and predpitated with eiheri 
2-(4*-PhenylazophenYi) - 3 - C4'-«tyiylphenjl)- 
5 - (4*-hydroxyphenyl) -'tetr!42olicim" :j^riHe 
was ctystallised from acetODiS/iether 'ximtain- 
55 ing a few drops of methanol m.p; 215-=^ 

216" a : ■ ; ■ ' 

Example' IX * • 
l-(4*-Phehylazophenyl) - 3 - (4* -cafboxy- 
phenyl>5-(4*-styi7lphenyl)-fo*nmzari;*^ 
60 was oxidised in die usiial way with' ts(>-amyl 
nitrite and hydrogeii chloride to yidd 2-^4*- 
phenylazophenyl) - 3 - (4^-styrylphenyl)^5-(4^- 
carboxyphenyi)-tetrazolium chloride as a red 
microcrystqiline solid, recrystallised* -from 
65 edianol, mlp. 195—196' G. (decomprX. rrr: 



What we daim is: — 
1. Tetrazolium salts, the cadons of ^which 
conform to the formula :. - 




wherein represente an alkyl, aryl or sub- 70 
stituted aryl radical, and are the same 
or different and each represents an -aryl or 
substituted aryl radical, at least one of the 
aromatic nudei R^ and R^ being substituted 
in the ^>am-position by a group represented 75 
by the formula -A- R^, in which -A- 
represents -CH=CH- or -N^tN:-, and 
R4 represents an aryi or substituted aryl-^ " 
radical • 

2. Tetrazolium salts as claimed in daim 1 80 
wherein tiie various aryl radicals are aU 
phepyl radicals and at least one of the phenyl 
radi^ls contains one or more substituents 
sdected from halogen, nitro, hydroxy, alkyl, 
acylamino, dialkylamino, quaternary ammo- 85 
nium, carboxy and alkoxy. 

3. Chemical compounds as daimed in 
daim 2 wherein eadi phenyl radical contains 
one of the specified si&stituents in the para- 
position. 90 

4. 2:5-Diphenyl- 3 - (2M S^-dimethjd^*- 
phenylazophenyl>-tetrazdiimi salts. 

: 5. 2:5-I>iphenyl - 3 - [4» - (4"-hydroxy^ 
phenylazo)-phenyl]-tetrazolium salts, • 

- 6. 2:5-Diphenyl - 3 - [4* - (4" - methyl- 95 
phenylazo)-phenyl]-tetrazolium salts. 

7. 2^Phenyl- 5 -(4^-dii;Dethylaminophenyl)- 
3-[4*-^4"-hydroxyphenylazo>^henyl] - tetra- 
zolium salts. . 

- 8. 2- (4*-Acetamidoph«iyl)- 5 -phenyl-3- 108 
(4^-phenylazophenyl)-tetrazoUum $alt8. 

9. 2:5- Diphenyl-." 3 - (4^-8tyrylphenyl)- 
tetrazoHum salts*- * " 

10. 2rPhaiyl - 5 - (4'-methoxyphenyi>3- 
(4*-styrylphenyl)-tetrazouum salts. 105 

11. 2-Phenyl - 5 - (4* - bromophenyl) -3- 
(4»-styryiphenyl)-tetrazolium sdts. 

12. 2:5-I>iphenyl - 3 - [4* - (4"<bloro. 
phen3^azo)-phenyl]-tetrazolium salts. 

13. 2:5-Diphenyl- 3 -[4*-(4"-nitrophenyi- 110 
azo>>phen^-tetrazdium salts. 

14. 2-Pttenyl- 5 -methyl - 3 - (4* - styryl- 
pheQyl)^tetrazouum salts. 

15. A process for i)reparing the tetrazo- 
lium salts daimed tii daim 1 wfidi comprises 115 
coupling a compound havhig the general 
formula: 

• R,-.N=N-X 
where X is an anion oi an add used in diazo- 
titisation reactions sudi as chloride or sul- 120 
phat^ with a compound having the general 
formula: . ... • 
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Ra-NH-N=CHRi 
(Rji3 R3 and R3 having the significance set 
forth in claim 1% and oxidising the resultant 
formazan with a dehydrogenadng agent. 

5 16. A process as claimed in claun IS in 
which the formazan is heated with the de- 
hydrogenating agent in the presence of a 
solvent for the formazan, and the reaction 
miacture is then acidified to convert the tetra- 

10 zoUmn compound formed into an appropriate 
salt. 

17. A process as claimed in daim 15 or 
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16 wherein the dehydrogenating agent is 
lead tetra-acetat^ mercuric oskle or tso-amyl 
nitrite. 

18. Processes for the preparation of tetra- 
zolium salts as claimed in rlaim l substantially 
as described in die foregoing Examples* 
For the Applicants: 

J. A. KEMP & CO., 
Chartered Patent Agents, 
Bank Chambea^ 
329, High Hdbom, London, W.Cl. 
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PROVISIONAL SPEOHCATION 
Improvements in or relating to Tetrazolium Compounds 



We, May & Baker Limited, a British 
20 Company of Dagenham, Essex, do hereby 
declare this invention to be described in the 
following statement: — 

This invention is for improvements in or 
relating to tetrazolium salts and to processes 
25 for their preparation and has for its object to 
provide new and dierapeutically useful sub- 
stances. 

The new compounds of the present inven- 
tion are tetrazolium salts whidi contain the 
30 cation represented by the general formula: 



a,«i 



/ 
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in which R, represents an all^l or aryl radi- 
cal, Rj and R, cadi represents an aryl radical 
and in whidi at least one of the aromatic 
nuclei is substituted in the pom-position by 
a group represented by the formula - A-Rj 
m whidi -A- represents -CH=CH— or 
-N=sN-, and R^ represents an ai^^ radical. 
The aromatic nuclei may in addition carry 
one or more substituents, for example, halo- 
gen, nitro, hydroxy, alkyi, amino, quaternary 
ammonium, carboxy or alkoxy groups. The 
aryl radicals are preferably all phenyl 
radicals. 

The new compoxmds of tfie present inven- 
tion have been shown to possess useful thera- 
peutic activity, in particular those represented 
by the general formula when R, and R3 are 
phenyl groups and R,, is a p-phenylazophenyl 
group, such as for example 2 : 5^phenyl-3- 
[2*: 5' - dimethyl - 4* - phenylazophenyl]- 
tetrazolium chloride, 2-phcnyi - 3 - [4X4"- 
hydroxyphenylazo) - phenyl]-5-(4^-dimethyl- 
aminophenyl) - tetrazolium chloride metho- 
chloride, and 2 : 5 - diphenyl - 3 - [4^ - (4"- 
hydroxyphenylazo)-phenyl]-tetrazolium^ iseth- 
ionate, possess anti-tuberoilar and virucidal 



activity while those represented by the gen- 
eral formula when R^ and R^ are phenyl 
groups and R3 is a p-styryl-phenyl group, 60 
such as 2:5- diphenyl-3-(4^-styryl-ph«iyl)- 
tetrazolium chloride, are also active in 
dilutions against pathogenic fuogi such as 
Actinomyces madura. 

According to a feature of the present inven- 63 
tion, the new compounds may be produced 
by tiie oxidation of the corresponding foima- 
zans of the general formulse: 

R,~NH-N=C(R,)~N=N-R3 or 
I^^N=N-C(Ri)=N-NH~R,, 70 
for exaiiq)le 1 : 3-diphenyl-5-(p-styrylphenyl)- 
formazan, with a ddiydrogenating agent sudi 
as lead tetra-acetate, mercuric oxide or tso- 
amyl nitrite and conversion of the product to . 
the appropriate salt 75 

According to a preferred feature of the 
above process, the formazan is heated widi 
the dehydrogenating agent, in the presence of 
a solvent for the formazan, and the reaction 
mixture is tiien acidified to convert the tetra- 80 
zolium compound formed into an appropriate 
salt 

The present invention is illustrated by the 
following non-limitative Examples: — 

Example L 85 

A solution of l:3-diphenyl-5-(4*-phenyl- 
azophenyl)-formazan (9.6 g.) in dry chloro- 
form (SO cc.) was boiled for 2 hours with 
lead tetra-acetate (12 g.). All the solvent v^as 
then evaporated, the residtial dark brown oil 90 
was dissolved in boiling water and tiie sdu- 
tion was filtered widi the aid of a Htde Hyflo 
SuperceL Concentrated hydrochloric acid was 
then added drop by drop to the filtrate until 
no further precipitation occurred. The pred- 95 
pitate, whidi was a mixture of lead chloride 
and 2:5-diphenyl- 3 -(4*-phenylazophenyl)- 
tetrazolium chloride, was filtered off and ex- 
tracted with methanol. Addition of ether to 
the methanolic filtrate yielded the tetra- 100 
zolium chloride as an oil, which soon solidi- 
fied to an orange solid. This was collected, 
dissolved in hot water, and converted to die 
iodide by adding an aqueous solution of potas- 
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sium iodide. The iodide crystallised from 
methanol in orange rods, m,p. 231 — ^232* C. 
(decoinp.). This iodide may be converted 
into odier salts, e.g. chloride^ by standard 

5 methods. 

The intermediate formazan was prepared 
in the following way: — solution of 
aminoazobenzene hyc^Khloride (1725 g.) in 
concentrated hydrochloiic add (11.2 cc.) and 

10 water (25 cc.) was cooled to 0—5' C and 
diazotised' with sodium nitrite (5.25 g.) in 
water (10 ca>. Ethanol (20 c.c) was then 
added, and the resulting mixture added 
gradually to a stirred solution of benzaldehyde 

35 phenylhydrazone (9.8 g.) in pyridine (100 
C.C.). After stirring for a further 3 hours and 
then warming to room temperature, die 1:3- 
diphenyl - 5 - (4^-phenyla£ophenyl)-formazan 
was filtered off, washed with dilute hydro- 

20 chloric add, water, and ethanol, then boil^ 
with ethanol (100 cc), cooled, and finally 
fiOltered, The resulting solid was used direcdy 
in the next stage, but if desired'^ it may be 
recrystallised from .hot acetone by careful 

25 addition of water as purplish black needles, 
m.p. 182° C. (decomp.). 
Similarly prepared were:— 
1) 2:5-Diphcnyl-3-[4* - (4"-mtrophenyl- 
azo)-phenyl]-tetrazoIium chloride dihydrate 

30 from^ l:3-diphenyl -5-f4*-(4^^-nitrophenyl- 
azo)-phenyl]-forma2an, mp/210*'C. (de- 
comp,), Tfiiis compound, which forms orange- 
red prisms, decomposes at different tempera- 
tures according to the rate of heating. 

35 2) 2-(4'-Chlbrophenyl),- 5 - phenyl-3-(4^- 
phenylazophenyl) - tetrazbliiim " iodide, m.p. 
218" C (decomp.) from l:(4^-ciilorophenyI>- 
3-phenyl -5- (4^-phedylazophehyI)^formazan, 
m.p. 168—170^ C: 

40 3) 2-(4^ - Acetamidophenyl) - 5 - phehyl-3- 
(4^ - phenylazophenyl) - tetrazolium iodide, 
m.p, 258° (decomp.) from l-(4*-acetamido- 
phenyi)-3-phenyl - 5 -r (4'-phenylazophaiyl)- 
formazan, mp. 2i5". This was converted 

45 to the iseduonate, an (»:aiige solid, by treat- 
ment with silver ' -isetfiionate in boiUng 
methanol. 

Example IL . ; 

1:3 - Diphenyl - 5 - (4* - phenylazo -1'- 

50 naphth^-formazan (4.0 g.) in (£lorc^Qrm 
(100 cc.) was heated widi lead tetra-acetate 
(4.5 g.) under r^ux for 30 minutes and the 
solvent then evaporated. The residue was 
treated with excess dilute hydrochloric add 

35 and amyl alcohoL The organic layer was sep- 
arated, washed with water, dried, and removal 
of the solvent Mt crude 2:5-diphenyl-3-(4*- 
phenylazo-l^-naphthyi)^tetrazol(um chlonde. 
Dissolving in hot water followed by addition 

60 of aqueous potassium io$de gave the very 
sparingly s&tible iodide m.p.,180"C (de- 
comp.), which crystallised from aqueous alco- 
hol in small orange neediest The iodide can 
be reconverted to die corresppnding chloride 

65 by known meJhods. " " 



The intermediate formazan. was prepared 
in die following way:— ^-Phenylazonaph- 
thylamine-1 (26.7 g;) was diazotised widi 
sodium nitrite in a mixture of glacial acetic 
and sulphuric addd. The diazonium solution 70 
was added slowly with stirring to benz- 
aldehyde phenylhydrazone (19.6 g.) in pyri- 
dine (600 cc), at a temperatufe of l&s tiian 
10** C. After some time the solution was 
diluted widi water and the resdltant dark solid 75 
was filtered off, washed and dried. Recrystal- 
lisation from chloroform gave the pure forma- 
zan as purple needles, m.p. 190-^192*' C. 
Example UL 
Starting from acetaldehyde phenylhydra- 80 
zone and diazotised p - aminoazobenzene, 
'l-phenyl-3-methyl-5-(4^ - phenylazophenyl)- 
formazan, reddi^ brown crystals m.p. 110° 
C, was prepared and oxidised with lead tetra 
acetate to me tetrazoliimi salt, isolated as 2- 85 
phenyl- 5 -methyl- 3 - (4^-phenylazophenyl> 
tetrazolium iodide from alcotiol/^er, m.p. 
127— 129'' C. . 

Example IV, 
1:3 - Diphenyl - 5 - [4X4"-chiorophenyi- -90 
azo)-phenyl]-formazan (5.0 g.) in medianol 
(50 c.c) was mixed with ydlow mercuric 
oxide (15 g.) and refluxed for about 30 
minutes. The resulting solution was filtered 
and sufBdent dilute hydrochloric add added 9$ 
to make it weakly add to litmus, followed by 
water (25 c.a). Filtration through a littie 
Hyflo Supercd followed by evaporation 
to dryness gave a red gum which slowly 
crystallised. The crude 2 : 5-diphenyl-3-[4'- 100 
(4" - chlorophenylazo)-phenyI] - tetrazolium 
dbloride was dissolved in ethanol and crystal- 
lised by die addition of ether as red prisms or 
needles, m.p. 184 — 185" C. (decomp,). 

The intermediate formazan was prepared in 105 
the following way:— 4*-Chlorctr4-amino-az6- 
benzene (11.0 g.) was . dissolved in glacial 
acetic add (100 cc.) and concentrated sul- 
phuric add. (5.4 cc.) added. A solution of 
dried sodium nitrite (3.5 g.) in concmtrated 110 
sulphuric, add (10 cc.) and gladal acetic add 
(50 cc) was added at O^C. with stirrmg. 
The diazonium solution was added, slowly 
with stirring to a solution of bemaldehyde 
phenylhydrazone (9.5 g.) in pyridine (400 115 
cc) cooled below 10° C Afr^ 'staiding 
ovanight, the splution was treated wi&'%at^ 
ind thei almost bkdc mass of fdted ne»lles ' 

.was filterec^ washed widi water anii medianol 
and dned. Crystallisation from ethyl ace&te 1-20 

.yielded a black solid widi green lustre;^ m'.p. 
194.5-^^95" C. 

Simflarly prepared were: — 
. . . J). . , 2 : 5-Piphenyl-3-[4'-(4''-mediylplienyl- 
9ZQ)-phenyl]-tetrazolium iodide, m.p.*175-— 125 
177'*C. .(decpmpO .from 1 : 3 - diphehyl-5- 
I4^-(4' Vpediyibhenykzo) - phenyll-fbrmazan, 
m.p/186r-i88 C, adding excess dP 10% ■ 

.pQtas^uni iodide solution ^er the addition 
bfliydrodiloric-add^to precipitate the tetra- 130 
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zolium iodide. The isethionate was prepared 
by refluxing the iodide (2.84 g.) in dry 
ethanol (50 c.c) with powdered silver iseth- 
ionate (1.21 gO for 6 hours, filtering and 
5 evaporating to dryness. The isethionate re- 
mained as a red glittering powder of glassy 
appearance whose melting point could not be 
t^en. 

2) 2 - (4*-Carboxyphenyl) - 5 - phenyl-3- 
10 (4*-phenylazophenyl) - tetrazolium chloride, 

m.p. 164° C. (decomp.), from l-(4*-caiboxy- 
phenyl>3-phenyl - 5 - (4* - phenylazophenyl)- 
fonnazan/ m.p. 209 C 

3) 2:5 - DiphenyU3-(2»:5'-dimethyl-4;- 
15 phenylazophenyl) - tetrazolium chloride tri- 

hydrate, m.p. 65° C, from 1 : 3-diphenyl-5- 
(2^ :5*-dimediyl-4'«phenylazophcnyl) - forma- 
zan, m.p. 197 C 

Example V. 

20 2:3-Diphen3S- 5 -[4'-(4"-hydroxyphenyl- 
azo>phenyl]-formazan (10 g.) was suspended 
in ethanol (200 cc.) and tso-amyl nitrite (10 
cc.) added. TTie suspension was treated with 
hycbcogen chloride at 0*" C. for 30 minutes, 

if v^ea die formazan dissolved to give a light 
reddish brown solution. This was poured into 
a litre of water, stirred, the water decanted 
and the dark tarry residue taken into meth- 
anol, charcoaled, filtered and precipitated 

30 carefully with edicr. The 2:5-dq)heiiyl-3- 
[41 . (4" - hydroxyphenylazo)-phenyl]-tetra- 
zolium chloride crystallised in orange red 
conglomerates, m.p. 230* C (deconq>.). This 
product (1.75 g.) was treated widi sflver iseth- 

35 lonate (0.9 g.) in dry ethanol (25 cc.) to 
yield die corresponding isethionate, deep 
ruby red prisms crystallising slowly from 
water, m.p. 218—219'* C. (decomp.). 
The intermediate formazan was prepared as 

40 follows : — 4^ - hydroxy - 4 - aminoazobenzrae 
(13.1 g.) was dissolved in a mixture of glacial 
acetic acid (100 cc.) and concentrated sul- 
phuric add (6 cc) and diazotised at 0"* C 
with a solution of sodium nitrite (4.3 g.) in 

45 concentrated sulphuric add (72 cc). TTie 
diazonium solution was added slowly with 
stirring to a solution of benzaldehyde phenyl- 
hydrazone (12.2 g.) in pyridine (400 cc) so 
that the temperature did not exceed 15° C. 

50 After standing overnight, an equal volume of 
water was added and the formazan thereby 
predpitated. It was washed with water and 
then methanol and crystallised from edianol 
to give dark purple fine needles with a 

55 reddish lustre, m.p. 193—194' C. 
Similarly prepared were: — 

1) 2:5 - Diphenyl-3-[4K2''-chloro-4"- 
diloride, m.p. 204—205^ C. (decomp.) from 
l:3-diphenyl -5- [4'-(2"-chloro-4"-hydroxy- 

60 phenylazo>phenyl] - formazan, m.p. 149— 
150" C. 

2) 2:5-Diphenyl -3- [4^- (3"-chloro-4"- 
hydroxyphenylazo) - phenyl] - tetrazolium 
diloride, m.p. 206—207' C (decomp.), from 

65 l:3-diphenyl -5- [4H3"-ddoro-4"-hydroxy- 



phenylazo) - phenyl]-forniazan, m.p. 205 — 
210** C 

3) 2-Phenyl -5- (4' - hydroxyphenyl) -3- 
(4*-phenylazophenyl) - tetrazolium chloride, 
m.p. 267° C, from l-phenyl-5-(4*-phenyl- 70 
azophenyl) -3- (4'-hydrozyphenyl) - formazan, 
m.p. 18r C. (The formazan was prepared 
from diazotised p-aminoazobenzene and p- 
acetoxybenzaldehyde phenyl hydrazone and 
the product, m.p. 191° C, was hydrolysed 75 
N 

with — aqueous-ethanolic sodium hydroxide). 
5 

Example VI. 

1 - Phenyl -3- (4^ - dimethylaminophenyl)- 
5 - [4* - (4" - hydroxyphenylazo) - phenyl]- 
formazan methochloride (3.6 g.) was oxidised 80 
in methanol with iso-amyl nitrite (4 cc) in 
the usual way and, after removal of solvents, 
digested with hot tso-propanol. The 2-phenyl- 
3 - (4* - dimctiiyiaminophenyl) - 5 -[4X4^*- 
hydroxyphenylazo) - phenyl] - tetrazoliimi 85 
chloride methochloride was then crystallised 
from methanol/ether as an orange oystalline 
powder, inlp. 211—212° C (decomp.). 

The intermediate formazan was prepared as 
follows: 4-Hydroxy-4'-aminoazobenzene (53 90 
g.) was diazotised in concentrated hydrochloric 
add (255 cc) with sodium nitrite (17.5 g.) 
and coupled tmder the usual conditions with 
p - dimethylaminobenzaldehyde phenylhydra- 
zone methiodide (90 g.) dissolved in pyridine 95 
(500 cc). The dark purplish red crystals, 
m.p. 172^173" C (decomp.) were mainly 
the mediochloride, contaminated with a 
small amount of the methiodide. 

ExAMPUS Vn 100 

A mixture <rf l:3-diphenyl-5-(4*-styryl- 
phenyl)-fonnazan (1.0 g.) in methyl alcohol 
(50 cc) containing 3rellow mercuric oxide 
(4.0 g.) was heated under reflux until the 
formazan colour disappeared. The yellow 105 
solution obtained after filtration was diluted 
with water, again filtered, acidified widi con- 
c^itrated hyckochloric add and the methanol 
removed by distOlaticm. The residual oil 
rapidly solidified and the produa, 2:5- 110 
diphenyl - 3 - (4^-styrylphenyl) - tetrazolium 
chloride, m.p. 228—229* C. (decomp.), re- 
crystallised frcHn water. 

The intermediate formazan was prepared as 
follows:— 4 -Aminostilbene (16.5 g.) in con* 115 
centrated hydrodiloric add (40 cc) was 
treated with sodium nitrite (6.7 g.) dissolved 
in a littie water, the temperature bdng kept 
bdow 5* C. The yellow diazonium suspen- 
sion was added, with stirring, to benzaldehyde 120 
phenylhydrazone (16.4 g.) in pyridine (300 
cc) at 0° C. After 2 hours, the black pred- 
pitate was collected, washed with water, alco- 
hol and ether and recrystallised from ethyl 
acetate to give die deep red formazan, m.p, 125 
225° C. 

Similarly prq)ared, but in most cases pred- 
pitated as the iodSdes, were:— 
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1) 2:5 - I)iphenyl".3- [4^ - (4" - acetyi- 
amino-styryl) - phenyl] - tetrazolimn iodide 
monohydrate^ m.p.. 244** C (decomp.), from 
l:3-diphenyl -5- [4*-(4'*'^cetylaiiiinostyTyl)- 

5 phenylj-formazan, nLp. 208—209* C. 

2) 2:5 - Diphenyl - 3 - [4* - (4'»-br6mo- 
styryl)-plienyl] - tetrazolium chloride moao- 
hydrate, HLp. 216—217" C (decomp.), from 

• 1:3 - diphenyl - 5 - [4' - (4'' - bromostyryl> 
10 phenyy-fonnazan, m.p. 186—187° C. - 

3) 2:5 - Diphenyl - 5 - [4X4"'-hydroxy- 
styryl)-phenylj-tetrazolium iodide/ m.p. 272° 
C. (decomp.) from lr3^heayl-5-[4X4"- 
bromostyryl)-ph^yl]^formazaii, m.p. 17^ 

15 .176" C 

4) 2-Phenyl .. S-C4* -bromopheiiyl>3- 
(4 * -siyryIphenyl>-teti:a2olimn iodidei m.p. 

. 206';C. (decomp.X from 1 - phenyl-3-(4^- 
-.bromophenyl) - 5-(4*- styiylphenyl)-fQrnja25an, 
20 m.p, 170— 17r C (decomp); 

5) 2-Phenyl- 5 -(4^-metho^he!ayl)-3:(4*- 
styr3iphenyl>tetrazolimn iodide, iipw 167— 
168" C (decomp.), from l-j>henyl-3 -{4*- 
methoxyphenyl>-5-(4*-8tyrylphenyl) - fomia- 

25 zan, m.p. 157— 158° C. 

6) 2:S-Diphenyl- 3 -[444.^*-nitrostyryl>- 
phenylj-tbtcazolimn chloride dihydiate, mp. 
233^234" C Cdecomp,)j from. l :3-diphenyl- 
5-{4'-(4"-mti:ost7ryiVpheayl>f mp. 

311 18S-186*C ' 

. 7) 2-Phenyi-5-methyl-3-(4''Styiylphenyl)- 
. tetrazolium iodide hemihydrate, m.p. 169 — 
17r Q, from l-pheriyl-3-methyl-5-(4^-smyl- 
phenyl) fcwrmazan,- in-jp. - 160^162^ C 

35 (decomp,). . . - . . 

• - 8) 2-Phenyl- 5 ^methyl- 3 .[444"-nitro- . 
.styryl>-phenyl]-tetrazolium iodid^ noup* 222-^ 
223° C. (decomp.), from tphenyW-methyl-. 
5 - [41 . (4^ ^.mtrophenyi>phenyl]- - formazaiij 

40 . m.p. 182—183" C ■ - 

Example Vm 
l-<4*-Phenylazophenyl)- 3 -phenyl- 5 -(4*- 
styrylphenyl)-forma2an (4 g.) was refluxed in 
methanol (60 ca) with yellow mercuric oxide 

45 (15 g.) after ading. a little methanol, until 
the colour was discharged After filtrationj the 
solution was poured intQ . dilute hydroiodic 
add, giving a red* tar wiicfa was crystallised 
from ethanol . after charcoaling,-yielding 2-(4*- 

50 phenylazophenyl)- 5 -phenyl - 3 - (4^-styiyl- 
phenyl)-tetrazolium iodide^ m.p. 172— 175° G. . 
(decomp.). - . - . 

The intermediate f ormazan was prepared as 
follows;^— 4- Aminostilbene (5 g,) was diazo- 

55 tised with sodium mtrite (2 g.) and concen- 
trated hydrochloric add ^10 cc.) and coupled 
in the \isual way with benzaldehyde phenyl- 
azophenylhydrazone (Troger, Berlin and 
Framfa^ Arch Pharm., Bert. 244, 326 (1906)) 

60 in pyridine (50 ca). The product . was* re- . 
crystellised from cydohexane as purplish black 
needles. - ' 



Example IX, 

l-(4*-Phenylazophenyl) - 3 - (4* - acetoxy- 
phenyl)-5-(4^-styi7lphenyl)-fbnna2an (2.0 g.) 65 
was reacted in ethanol (40 cc.) witii wt>-amyl ^ 
nitrite (4 cc.) and hydrogen chloride gai imtil 
decolourised. The solution was poured into, 
^water, filtered and warmed with dilute hydro- 
chloric add The. residual gom was 'diited 70 
with hot acetone and predpitated with ether. 
2-(4'-Phenyiazophenyl) - 3 - (4*-styrylphenyl)- 
5 - (4^-hydroxyphenyl) tetrazolium dhlonde 
was crystallised froni acetone/ether contain- 
ing a few drops of methanor~iD:p.~ 215 — 75 
216° a , ^ 

The intetthediate fdrmazan was prepared as 
follows :-^'-ac^oxyl:Nsnzaldehyde 4-phc3iyl- 
azofj^enylhydrazone was prepared by sus- 
pending 4-aceto:^en2aldehyde (22 g.) and 80 
finely powdered 4-phenylazophenylhydrazine 
^^phonic add (36 g.) (Troger and Franke, 
Arch, FharwL, BerL, 244, 307 (1906)) in 
glacial acetic add (100 aa) and allowing to 
^and''bvemi^^ filtering the purple product, g5 
suspending in ic&-water with excess sodium 
acetate, adding dilute ammonia solution until 
just alkaline, and filtering off. It was obtained 
as aft orange solid, crystallismg from ben- 
zene, mp. 161—162° C. The fbrinazan was 90 
prepared in the nsual way by diazotising 
4-aminostilbene (4 g.) in 50% concentrated 
hydrodiloric add (14 cd) and coupling with 
4' - acetoxybenzalddiyde phenylazophenyl- 
hydrazone (6 g.) in K^ridine (100 c.c.)ras a. 95 
dark purple s_olid, reoystallised from benzene* 
jn.p. 22qu-22r C. 

Example X 

l-(4*-Phenyiazophenyl) - 3 - (4* - carboxy- 
phenyl)-5-(4^-styrylphenyl>formazan (18.5 g.) . 100 
was oxidised in die usuial .way with wo-amyl 
nitrite and hydrogen chloride to yield 2-(4^- 
phenylazophenyl) - 3 - (4*-styryiphenyl)-5-(4'- 
carboxyphenyl)-tetcazolium chloride as a led 
microcrystalline solid, reoystallised from 105 
ethanol, m^p. 195—196° C. (decomp.). 

The intermediate f ormazan was prepared as 
follows :--Terephthalaldehydic acid 4-phenylr 
azophenylhydrazone ammonium salt was pre* 
pared by a method similar to that-used in the 110 
previous example from terephthalaldebydic 
add (7.5 g.) and 4rphenylazophenylhydrazine 
^-sulphonic add (14.8 g.) in warm- gladal 
acetic add (150 cc). It is a bright orange 
microaystalline solid, m.p. 245? This 115 
ammonium salt (20 g.) was triturated iwith 
dilute hydrochloric add and the product, 
terephthalaldebydic add phenylazophenyl- 
hydrazone, . was coupled in pyridine with 
diazotised 4-aminostilbaie (13.3 g.), to yield 120 
1 - (4* r phenylazophenyl) - 3 - (4^ -carbwqr- 
phenyl>5-(4^-styrylphenyl)-f ormazan,- dead- 
black small crystals, m.p. 23^240**-C. ^ 
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